Background
Mucormycosis is a potentially fatal fungal infection occurring in patients with well-established predisposing factors, but is often misdiagnosed. We report a case of disseminated mucormycosis in the lungs with muscle involvement without any cutaneous findings. Isolated muscle involvement is a rare form of the disease. Biopsy is the preferred method of diagnosis but may not be an option in the early course of the disease, resulting in a delay in the diagnosis and increased mortality [1] . Awareness of this rare entity leads to early diagnosis and better outcomes
Case Report
A 53-year-old female with no significant past medical history presented with shortness of breath and lightheadedness and was found to have severe pancytopenia on her initial workup. She subsequently underwent a bone marrow biopsy leading to the diagnosis of acute myeloid leukemia (AML). A Hickman catheter was placed, and the patient was started on 7 days of induction chemotherapy with cytarabine and idarubicin.
On day 10 of admission, the patient developed a neutropenic fever. Due to penicillin allergy, she was started on vancomycin and aztreonam. Neutropenic fever workup was unrevealing, including blood cultures, beta-D-glucan and Aspergillus galactomannan antigen levels. Patient continued to spike high-grade temperatures despite broad spectrum antibiotics. Voriconazole was added and aztreonam was changed to imipenem. On day 13, the patient started to complain of pain in the right lower extremity with calf tenderness. A venous doppler was done and was negative for deep vein thrombosis. The patient also had computed tomography (CT) scan of the chest which, showed 2.1×2.5 cm spiculated mass in left posterior lung lobe and 2.2×1.4 cm mass in right upper lobe ( Figure 1 ). QuantiFERON was ordered and was negative. On day 15, she underwent lung biopsy of the left lung mass. The pathology report was consistent with angio-invasive aspergillosis by morphology ( Figure 2 ). Due to initial presumed diagnosis of aspergillosis, the patient was continued on voriconazole at 200 mg every 12 hours. The patient continued to spike fevers and started to complain of pain and swelling in the right upper and lower extremities. A venous Doppler revealed partial thrombosis of right internal jugular vein. The patient was placed on enoxaparin; however, this was discontinued due to thrombocytopenia. The patient also underwent ultrasound for her other extremities that showed edema without any evidence of fluid collections.
On Day 20 of admission, the patient continued to have increased right forearm swelling and pain; magnetic resonance imaging (MRI) was done which showed a 2.5×1.4×5.7 cm mass within the flexor carpi ulnaris and a 2.7×1.6×5.8 cm mass within the flexor digitorum profundus, with surrounding edema (Figure 3 ). On Day 24, MRI was also done for the right lower extremity, which showed 2.4×3.2×5.4 cm mass in the anteromedial aspect of the medial gastrocnemius muscle belly at the level of the proximal shaft of the tibia with surrounding edema (Figure 3 ).
On Day 29, the patient developed worsening of edema of the right upper extremity with paresthesia. A surgical consult was placed emergently for a concern for compartment syndrome. Surgical debridement of the forearm showed myonecrosis, and clindamycin was added to the treatment regimen. Muscle biopsies were consistent with muscle necrosis. Routine cultures were negative. At the request of the infectious disease consultant, the pathology of muscle biopsy was re-reviewed and special stains were performed. Gomori methenamine-silver nitrate (GMS) stain showed broad wide-angle branching hyphae, morphologically consistent with mucormycosis ( Figure 4 ). Voriconazole was changed to amphotericin B lipid complex. Cunninghamella bertholletiae, a Mucorales species, was later identified via 16S sequencing. The initial lung biopsy was re-examined and confirmed the diagnosis of mucormycosis. The patient's persistent fevers resolved within 24 hours after starting amphotericin B lipid complex.
The rest of the hospital course was significant for a second surgical debridement with wound vacuum-assisted closure 
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of the right upper and lower extremities. Repeat bone marrow biopsy showed acellular, chemo-ablated marrow. This was followed by filgrastim injections leading to the resolution of the neutropenia. The patient developed a left sided pleural effusion that was consistent with an exudative effusion per Light's criteria; however, on further analysis, cytology and cultures were unremarkable. The patient was eventually switched to oral posaconazole and discharged to rehabilitation facility.
The patient's AML remained in remission following discharge. Serial CT scans of the chest showed complete resolution of the lung masses approximately 3 years following the initial biopsy.
The patient was maintained on posaconazole for 3 years until complete resolution was seen on the latest CT scan.
Discussion
Mucormycosis is a serious, potentially fatal fungal infection caused by species in the Mucorales order [1, 2] . It is one of the most important causes of invasive fungal infections alongside candidiasis, aspergillosis, and cryptococcosis [2, 3] . The genera Rhizopus, Rhizomucor, LichtheimiaI, and Mucor are responsible for the majority of the cases of invasive mucormycosis while other genera including Cunninghamella, Apophysomyces, Saksenaea, Cokeromyces, Actinomucor, and Syncephalastrum are encountered in less than 5% of cases [2, 4] . Mucorales organisms are ubiquitous in nature, rapidly growing, and usually identified by wide non-septate hyphae branching at nearly 90° angles [1, 4] . They are notorious vasotropic and angio-invasive organisms causing extensive tissue infarction and local invasion and destruction of multiple anatomical structures [5, 6] .
Mucormycosis is rare, with an incidence of 1.7 per million per year in the United States with higher predilection for males [7, 8] . It is 42-fold less frequent than invasive candidiasis and 7.2-fold less frequent than aspergillosis [7] . The prevalence of the disease appears to differ between developed and developing countries [5] . Those with mucormycosis in developed countries tend be diabetic and have hematological malignancy, while those in developing countries have diabetes or trauma [1, 2, 5, 8] . Other factors include solid tumors, solid organ transplant, iron overload, deferoxamine chelation therapy, trauma, burns, or iatrogenic inoculations [1, 4, 7, 8] . These ubiquitous fungi are found in the soil and decaying organic matter and have an optimal growth temperature of 28°C to 30°C, which might explain the seasonal variation and the higher incidence in hematology patients between the months of August and November [9] [10] [11] . Given the widespread usage of voriconazole, aspergillosis infections in oncology patients has diminished. However, Mucorales is usually resistant to voriconazole, which might explain why mucormycosis in hematology units in increasing [12, 13] .
The organism is acquired through inhalation of spores, ingestion, or direct percutaneous inoculation [2] . The host's mononuclear and polymorphonuclear phagocytes eliminate Mucorales via the generation of oxidative metabolite and cationic peptides defensins [9] . Hyperglycemia and ketoacidosis impair the function of phagocytes, resulting in an invasive fungal infection [12] . In patients with AML, neutrophil dysfunction leads to lack of production of proper immune mediators that play a vital role in fighting mucormycosis [14] . Treatment of AML with myeloablative chemotherapy and corticosteroid therapy causes profound and long-lasting neutropenia, also leaving the body susceptible to fungemia [14] . The incidence of mucormycosis in patients with AML is approximately 2%, with pulmonary involvement being the most common presentation [11, 15] .
Mucormycosis has a wide range of clinical presentations depending on the involved anatomical location typically classified into rhino-cerebral, pulmonary, cutaneous, gastrointestinal, disseminated, and other forms of mucormycosis [4] . Retrospective analysis of 929 cases of mucormycosis by Roden et al. showed sinus disease in 39% of cases, pulmonary disease in 24%, of cases, cutaneous disease in 19% of cases, and disseminated mucormycosis in 23% of cases [8] . Rhino-cerebral disease was found to be the most common disease and was encountered more in diabetic patients [9] . Sinus involvement typically presents with symptoms of sinusitis or periorbital cellulitis [9] . Progression can lead to the involvement of deeper structures such as the cavernous sinus and internal carotid artery, causing cavernous sinus thrombosis and central nervous system infections [12, 16] . Vision loss, ophthalmoplegia, and cranial nerve involvement carry grave prognosis [12] . Pulmonary infection occurs after inhalation of spores or secondary to hematogenous or lymphatic spread [5, 8, 12] . Symptoms include cough, fevers, dyspnea, chest pain, and hemoptysis when there is vascular involvement [5, 9] .
Patient with cutaneous mucormycosis commonly have no underlying conditions, but rather suffered trauma, burns, or falls [8] . Cutaneous mucormycosis at insulin injection sites in diabetic patients and around central venous catheters in immunocompromised patients have also been reported [17, 18] . A typical, primary cutaneous infection presents with erythematous to purple-colored papules with induration that become necrotic and forms into eschars that can ultimately extend into deeper structures to involve muscles, tendons, and bone [8, [18] [19] [20] . In patients with cutaneous involvement, 24% of cases reported deep extensive into bone, tendon, or muscle [8] .
Gastrointestinal mucormycosis is a rare form of the disease and mainly occurs in extremely malnourished infants and children and presents usually with abdominal pain, distension, nausea, and vomiting from fungal enterocolitis [5, 12] . This can lead to bowel necrosis and ultimately perforation [21] . The disseminated form of the disease can originate from any site of infection, but pulmonary mucormycosis in neutropenic patients has the highest incidence of dissemination [8] . Metastatic lesions can involve any organ, but cerebral metastatic lesions are mostly commonly encountered [5, 12] . Cases of endocarditis and pyelonephritis have also been described [22] [23] [24] .
Our case represents a dissemination of pulmonary mucormycosis that was initially misdiagnosed on the initial biopsy as aspergillus. The antifungal chosen was voriconazole that has excellent aspergillus activity but does not treat mucormycosis.
The patient did not have any significant cutaneous findings, other than edema and mild erythema, however, this was likely due to underlying myositis. Muscle involvement is usually due to local invasion of cutaneous infection, however, in our case it was likely hematogenously spread. [12] . Another case report described similar findings involving a single isolated muscle in a 9-year-old child with acute leukemia without any evidence of trauma or local inoculation [24] . A case reported by Patel et al. described an immunocompromised patient being treated for acute blast phase of chronic myelogenous leukemia. The patient developed ecchymotic papules with distinct violaceous borders and progressed to cellulitis and myositis [20] . This patient underwent debridement, however, extensive involvement of forearm muscles lead to an above elbow amputation [20] .
In contrast, a case reported by Desai et al. described an immunocompetent patient with an initial thigh bacterial infection, who was readmitted for Mucorales myositis infection 2 weeks after incision and drainage [25] . Presumed pathophysiology in this case was due surgical inoculation [25] .
Given the fact invasive aspergillosis is more common, clinicians rarely suspect mucormycosis and presume the diagnosis of aspergillosis, especially in the absence of typical disease presentation such as rhino-cerebral or cutaneous involvement [1, 2] . Distinguishing mucormycosis from aspergillosis early in the course of the disease is of great importance and allows the delivery of the appropriate antifungal agent. and reduces mortality [4, 26] . This is because most of the antimicrobial agents used to treat invasive aspergillosis have no activity against mucormycosis [26] .
The preferred method of diagnosis is biopsy, but this is usually limited in most of the cases especially during the early stages of the disease [1] . Imaging with CT scans and MRI can help identifying infected foci and guide biopsy [1, 4, 9] . In other diagnostic options, such as blood cultures, sputum cultures, and bronchoalveolar lavage without a transbronchial biopsy, the circulating antigens like galactomannan are low yield in most cases [1, 2, 27] . Quantitative polymerase chain reaction (qPCR) assay is gaining more interest for its use in the early detection of mucormycosis [4, 28, 29] . A retrospective study by Millon et al. showed at least 81% sensitivity of detecting Mucorales DNA with qPCR [4] . Aggressive diagnostic strategy using CT scan, biopsy with the utilization of Calcofluor-white staining with surrogate markers like PCR and galactomannan enzyme immunoassay (EIA) might result in higher rate of early detection [30] .
The mainstay of therapy includes the correction of the predisposing factors, surgical debridement, and the use of appropriate antifungal agents [2] . Combined surgical intervention and antifungal medical therapy is superior to medical therapy alone and is associated with lower mortality rates [9, 27] . This is possibly due to the fact that Mucorales are extremely angioinvasive, causing thrombosis and infarction of target tissue, impairing the delivery of the antifungal agent even when the disease-causing strain is susceptible [12] . The choices for systemic antifungal agents are limited and most of the treatment recommendations are derived from retrospective studies and studies on murine models [12, 31, 32] . These data suggest superiority of amphotericin B when compared to other antifungal agents [12, 31] . Further analysis showed higher rates of survival when using the liposomal form [12, 31, 32] . Another study showed that central nervous system (CNS) penetration was highest in the liposomal form and lowest in the lipid-complex form [31] .
Posaconazole is a promising alternative and currently used as a salvage therapy for refractory mucormycosis or as step-down therapy [12, 33] . Multiple retrospective studies evaluated the utilization of posaconazole as salvage therapy in patients with refractory mucormycosis or intolerance to amphotericin B and showed a favorable response in around 60% of patients [34] [35] [36] .
A new azole, isavuconazole, is the only approved oral antifungal for the treatment of mucormycosis [33, 37] . Two case reports describe refractory mucormycosis to traditional salvage therapy with posaconazole that had a good response to isavuconazole [37] [38] [39] . In our case, we describe a good response to the amphotericin B lipid complex as well as to posaconazole as a step-down therapy. Based on the available data so far, the use of the liposomal form of amphotericin B empirically and the utilization of posaconazole or isavuconazole as salvage therapy or step-down therapy is appropriate.
The overall survival rate is variable due the fact that different forms of the disease carry different prognosis, but it appears to be at least 50% [12] . Survival rates are higher in patients with rhino-cerebral mucormycosis compared to pulmonary and disseminated mucormycosis. This is likely due to the fact that these are easier to recognize and are associated with earlier onset of antifungal therapy and surgical intervention [12] .
Conclusions
Mucormycosis is a rare but often fatal fungal infection affecting patient with well-established predisposing factors. The presentation can be nonspecific. Often, the diagnosis of mucormycosis is delayed as other more common invasive fungal infections such as aspergillosis are assumed. Correct diagnosis depends on expert pathologic review of tissue biopsies in order to differentiate mucormycosis from other invasive molds. Maintaining high index of suspicion, early detection, delivery of antifungal therapy and surgical debridement are associated with overall better outcomes with this disease.
